Integrated Approach to CO2 Storage Assessment in the Offshore South Perth Basin, Australia  by Borissova, I. et al.
 Energy Procedia  37 ( 2013 )  4872 – 4878 
1876-6102 © 2013 Published by Elsevier Ltd. All rights reserved..
Selection and/or peer-review under responsibility of GHGT
doi: 10.1016/j.egypro.2013.06.397 
GHGT-11 
Integrated approach to CO2 storage assessment in the offshore 
South Perth Basin, Australia 
I. Borissovaa, J. Kennarda, M. Lecha, L. Wanga, S. Johnstona, C. Lewisa and C. 
Southbya 
aGeoscience Australia, GPO Box 378, Canberra ACT, 2601 
 
Abstract 
As part of the Australian Government National CO2 Infrastructure Plan (NCIP), Geoscience Australia is undertaking 
CO2 storage assessment of the Vlaming Sub-basin located offshore Western Australia in the southern Perth Basin. 
The Vlaming Sub-basin is a Mesozoic depocentre containing up to 14 km of sediments. Close proximity of the basin 
to industrial sources of CO2 emissions in the Perth area drives the search for storage solutions in this basin. The main 
reservoir unit identified as suitable for storage of CO2 is the Early Cretaceous Gage Sandstone deposited in paleo-
topographic lows of the Valanginian breakup unconformity. The reservoir unit is laterally extensive (over 1,500 km2) 
and over most of the area reasonably thick (100 - 300 m). It occurs at depths between 1000 and 3000 m below the 
seafloor, which is suitable for injection of supercritical CO2 and makes it an attractive target for the long-term 
storage. The reservoir unit is overlain by a thick deltaic to shallow marine succession of the South Perth Shale, which 
represents a regional seal in the area. The first assessment of the Vlaming Sub-basin was undertaken by CO2CRC 
with a focus on evaluation of the reservoir unit and overall storage capacity. These results published by the Carbon 
Storage Taskforce estimated that up 1 GT of CO2 can be stored in the Gage Sandstone. The current study is based on 
interpretation and integration of the seismic, well and marine datasets, both existing and acquired since the previous 
assessment. It includes detailed analysis of reservoir and seal properties and a comprehensive evaluation of the seal 
integrity risks to allow a more accurate and realistic modeling for CO2 storage. 
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1. Introduction 
The Vlaming Sub-basin is a Mesozoic depocentre within the offshore southern Perth Basin located 30 
km west of Perth, Western Australia (Figure 1). It covers an area of approximately 23,000 km2 and 
contains up to 14 km of sediments.  
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Figure1. Location of the Gage Sandstone reservoir within the Vlaming Sub-basin and possible storage sites from the CO2CRC 
assessment (after Causebrook et al, 2006).  
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The Vlaming Sub-basin has been explored for hydrocarbons since the 1960’s and contains a total of 17 
wells and a large volume of 2D seismic data. However, to date only one sub-economic oil accumulation 
was discovered at the Gage Roads-1 in 1969. Oil and gas shows were recorded in several wells 
(Araucaria-1, Marri-1, Gage Roads-2 and Tuart-1) indicating a working petroleum system. Petroleum 
prospectivity assessments (Miyazaki et al, 1996; Nicholson et al, 2008) concluded that lack of exploration 
success in the Vlaming Sub-basin was caused largely by poor understanding of structure and possibly 
accumulation breaches.  
Initial assessment of the Vlaming Sub-basin for CO2 storage undertaken by CO2CRC in 2005-06 
(Causebrook et al., 2006) showed that the Early Cretaceous Gage Sandstone is suitable for a long-term 
storage of CO2. The basin is close to the major industrial centres of Collie and Kwinana which are 
responsible for emissions of up to 13.2 Mt of CO2 per year. The Gage sandstone lies at depths between 
1000 and 3000 m below the seafloor, which are suitable for injection of supercritical CO2. This unit was 
deposited into paleo-topographic lows of the Valanginian breakup unconformity and is overlain by the 
South Perth Shale regional seal. The post-rift succession in the Vlaming Sub-basin is relatively 
undeformed and thick, therefore containment risks were estimated to be low. Based on reservoir thickness 
and migration paths four potential sites were suggested in the Vlaming Sub-basin for long-term storage of 
CO2 (Figure 1; Causebrook et al, 2006). 
In 2009 an assessment undertaken by Carbon Storage Taskforce estimated that up 1 GT of CO2 can be 
stored in the Gage Sandstone reservoir (Carbon Storage Taskforce, 2009). As a result of this assessment, 
in 2009 the Australian Government released two large GHG permits in the Vlaming Sub-basin (Figure 1). 
With the introduction of a carbon price in Australia it has been recognised that some offshore areas 
identified for long-term storage of CO2 still require more data and more detailed geological investigation 
prior to uptake by the industry. Under the Australian Government National CO2 Infrastructure Plan 
(NCIP) Geoscience Australia is undertaking this more detailed assessment of the Vlaming Sub-basin. The 
study addresses two key areas: i) characterisation of reservoir and seal properties and ii) a detailed 
evaluation of containment risks. 
2. Geological overview 
The Vlaming Sub-basin is an elongate, north-south trending depocentre that lies within the continental 
shelf and upper slope (0–500 m water depth) in the offshore southern Perth Basin. The main depocentres 
formed during the Jurassic to Early Cretaceous extension between Greater India and Australia prior to 
their breakup in the Valanginian. During the syn-rift stage up to 12 km of fluvio-lacustrine sediments 
accumulated in the northern and central parts of the Vlaming Sub-basin. In the Valanginian the basin 
experienced regional uplift and erosion with a maximum uplift in the north and the south-west. 
Consequently maximum deposition occurred in the central part of the basin (Spring and Newell, 1993), 
where the thickness of post-rift sediments is up to 2500 m.  
2.1. Gage Sandstone - reservoir 
The Gage sandstone has been intersected by 6 wells at depths ranging from 1400-2000 m. In these 
wells the Gage Sandstone is represented by fine-grained to granular feldspathic sandstones with less 
common fine-grained interbeds. Porosities within the Gage Sandstone range between 23% and 30% and 
permeabilities between 200 and 1800 mD (Crostella and Backhouse, 2000). In the CO2CRC assessment 
the Gage Sandstone has been interpreted as a basin floor fan deposited in enclosed embayment 
(Causebrook et al., 2006). This conclusion is based largely on the core and log data from Warnbro-1, 
interpreted as a suprafan sequence comprising lower, middle and upper fan facies. The facies were 
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mapped only in the vicinity of Warnbro-1 and then used as a conceptual basis for the geological model of 
the Gage Sandstone reservoir. 
2.2. South Perth Shale - seal 
The Gage Sandstone is overlain by interbedded marine shales, siltstones and minor sandstone of the 
South Perth Shale. The contact between these two formations is typically sharp and is interpreted to 
represent a regional transgressive surface (Nicholson et al., 2008). The South Perth Shale is an extensive 
deltaic to shallow marine unit, which is considered to provide a regional seal across the Gage Sandstone 
(Crostella and Backhouse, 2000; Causebrook et al, 2006).  The thickness of this unit varies from less than 
100 m to more than 2200 m. The quality of the seal varies significantly across the basin, generally 
deteriorating to the south (Causebrook et al, 2006; Nicholson et al, 2008), where sandy facies become 
dominant. The report noted fault reactivation in the Badaminna fault system (Figure 1) and indications of 
seepage above the seal to the south of Warnbro-1, however overall the seal breach risk was estimated to 
be low (Causebrook et al, 2006). 
3. New results 
3.1. Reservoir and seal interpretation 
 After the previous study, a 3D seismic survey was acquired in the northern part of the basin (2006) 
and a large volume of seismic data was reprocessed in the Vlaming Sub-basin by industry (2008). The 
current study is based on interpretation of these new and previously available datasets. Detailed sequence 
stratigraphic analysis of the well and seismic data shows that the Gage Sandstone is a heterogeneous unit 
comprising a series of channelised turbidites and mass-flow deposits that were transported during a sea 
level lowstand across the post-breakup shallow marine shelf into paleo-topographic lows. It is represented 
by a basin floor fan only in the deepest part of the paleo-basin, whereas on the flanks it is mostly mass-
flow deposits. These findings have important implications for facies variations and distribution of 
intraformational seals within the Gage Sandstone and will be used to construct a more accurate model of 
the reservoir.  
Detailed seismic mapping of the South Perth Shale shows that in the Early Cretaceous, two major 
deltaic systems operated in the region: one was fed from uplifted areas in the north and prograded to the 
southwest, while another drained uplifted areas in the south and prograded to the northeast. A series of 
large-scale prograding clinoforms are mapped within these thick deltaic successions. The basal pro-delta 
facies, composed mostly of claystone and shale provide an effective seal (Charlotte-1, Gage Roads-1), 
while the upper part of the prograding succession dominated by sandy siltstone is a relatively poor seal 
(Parmelia-1, Challenger-1, Bouvard-1). In the southern part of the study area thick deltaic units of the 
South Perth Shale onlap paleo-topographic highs of the Valanginian breakup unconformity. The highs are 
overlain only by the uppermost sandy transgressive units providing poor seal and therefore these highs 
represent high risk for CO2 containment. Detailed seismic interpretation of the South Perth Shale helps to 
map changes in lithology and therefore to predict spatial variations in seal quality. 
3.2. Seismic anomalies related to seepage and fault reactivation  
Structural mapping undertaken by this study suggests that some of the large syn-rift faults were 
reactivated in recent geological time and possibly provided escape conduits for fluids and gases. Although 
displacements on reactivated faults are generally small, some of them appear to extend to seafloor (Figure 
2b) and may present a significant risk for CO2 storage. Seismic anomalies in the shallow section 
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characterised by a sudden loss of reflector continuity were identified on a large number of seismic lines in 
the northern and southern parts of the study area. These anomalies potentially indicate hydrocarbon 
seepage and are often located directly above reactivated syn-rift faults (Figure 2a). 
 
 
Figure 2. Interpreted major syn-rift faults, seismic anomalies indicating possible seepage and high-resolution bathymetry featuring 
two carbonate ridges above the interpreted anomalies. 
 I. Borissova et al. /  Energy Procedia  37 ( 2013 )  4872 – 4878 4877
In March-April 2012 Geoscience Australia conducted a marine survey (Figure 1) to investigate the 
presence of active seepage and indications of fault reactivation. The survey was aimed at identifying signs 
of seepage and fault reactivation. It acquired 510 km2 of high-resolution (2 m grid) multibeam bathymetry 
in two representative areas, 1700 km of sub-bottom profiler records, 57 km of side-scan sonar records and 
38 sediment samples. Unfortunately, the environment setting of this area did not allow the use of 
traditional methods for seepage identification, such as pockmarks and presence of hydrocarbons in the 
gravity core samples. The area lies within sediment starved wave dominated carbonate shelf with lack of 
sediments, except for very thin carbonate sands, which cannot retain hydrocarbons. However, high-
resolution bathymetric data collected by the survey revealed interesting features. In the southern area the 
bathymetry imaged carbonate ridges which spatially correlate with the large reactivated syn-rift faults and 
seismic anomalies mapped from the seismic data (Figure 2). Sampling has shown that these ridges are 
built by rhodoliths (coralline algae). Spatial alignment of the large syn-rift faults, seismic anomalies and 
rhodolith ridges is unlikely to be coincidental. It may indicate that at least initial growth of these 
carbonate ridges was stimulated by hydrocarbons or other fluids/gases seeping at the seafloor (Logan et 
al., 2010). 
Bathymetry of the northern area (Figure 1) showed no correlation between the location of the carbonate 
banks and areas of interpreted seepage. However, prominent linear features recorded in high-resolution 
bathymetry correlate with large syn-rift faults at depth. These seafloor features have been interpreted as 
surface expression of recently reactivated faults. Areas with interpreted seepage signature and reactivated 
faults are treated as areas of high containment risk in the current study. 
3.3. Fluid inclusion stratigraphy (FIS) 
To investigate whether poor success rate of exploration wells may be related to accumulation breaches 
during the post-rift stage, 8 wells were sampled and analysed for the presence of hydrocarbons using 
Fluid Inclusion Stratigraphy (FIS) analyses. This method provides a useful first pass screening of the seal 
quality and potential hydrocarbon seepage through the seal (Miranda et al., 2012). Indications of dry or 
wet gas in five of the Vlaming wells and liquids in one well (Parmelia-1) were recorded in the shallow 
post-rift succession above the South Perth Shale. No hydrocarbons in the post-rift section were recorded 
in Gage Roads -1, the only well that intersected an oil accumulation. These results are interpreted as an 
indication of widespread seal integrity problems due either to poor seal quality or breach through faulting. 
As most wells were drilled on the structural highs the FIS results apply only to these uplifted areas, rather 
than to the whole South Perth Shale seal. These structural highs are considered to be high containment 
risk areas.  
4. Conclusion 
Initial results from a new detailed assessment of the Vlaming Sub-basin demonstrated the crucial 
importance of the seal quality and integrity for the CO2 storage prospectivity. A number of problems, 
including fault reactivation, potential seepage and poor seal quality over structural highs have been 
identified within the study area. Proximity to these high risk areas will be factored into the selection and 
modelling of the sites suitable for CO2 storage. New data and findings from the study are providing a 
more accurate and realistic assessment of the long-term CO2 storage potential of the Vlaming Sub-basin. 
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